Objective: Traditionally, carbohydrate has been the largest contributor to energy intake among people with diabetes, yet different carbohydrate foods produce different glycaemic responses. Glycaemic load represents the total glycaemic effect of the diet and influences glycaemic control. Adequate self-efficacy and outcome expectations are needed to change carbohydrate intake and to evaluate relevant interventions. The purpose of this research was to develop and test instruments regarding self-efficacy and outcome expectations for the adoption of a lower glycaemic load diet. Design: Participants completed each instrument at their convenience and mailed the instruments to the investigators. Setting/subjects: A community sample of individuals 21 -75 years of age with type 2 diabetes for $ 1 year (n ¼ 108) was recruited.
1
. The prevalence of diabetes in the US population increased 49% from 1990 to 2000 2 , and the global prevalence of diabetes is projected to double between 2000 and 2030 3 . Recent clinical trials demonstrate that nutrition is an essential component of successful diabetes management 4, 5 . Food selection determines the nutrient and energy content of the diet and affects the metabolic control and risk for co-morbidities associated with diabetes 6 . Dietary recommendations for people with diabetes recommend carbohydrate as the largest contributor to total energy intake, but different carbohydrate foods produce different glycaemic responses 6 -8 . The glycaemic response to various carbohydrate-containing foods is related to differences in the rate at which the carbohydrate is digested and absorbed. The glycaemic index (GI) was introduced as a means of ranking carbohydrate-containing foods according to their glycaemic effect, and represents the quality of carbohydrate consumed 9 . Glycaemic load (the product of the GI of individual foods and their carbohydrate content) characterises the impact of foods or dietary patterns with different macronutrient composition on glycaemic response and takes into account the quality and quantity of carbohydrate consumed 10 . A low glycaemic load (GL) diet has been linked to decreased risk for type 2 diabetes 11 -13 and colorectal cancer 14, 15 . Similarly, a lower GI diet has been associated with a lower body mass index 16 and improved insulin sensitivity 17 , glycaemic control 18 -21 and fasting serum lipids 17, 22, 23 . A recent meta-analysis of the effect of lower GI diets in the management of diabetes provided evidence that lower GI diets improve glycaemic control beyond that obtained by high GI diets Effective diabetes management frequently requires the adoption of new behaviours. Social cognitive theory (SCT) has been widely used in health-related research and in diabetes programmes to explain the behaviour change process. Specifically, SCT has been used to develop diabetes prevention interventions 25 , to evaluate the self-care practices of people with diabetes 26, 27 , to assess adherence to diabetes regimens 28 and to implement diabetes education programmes 29 . SCT postulates that behaviour is influenced by the constant interaction among the environment, the personal characteristics of an individual (e.g. outcome expectations, self-efficacy and behavioural capability), the behaviour and results of that behaviour (which can be identified through self-monitoring) 30 . An outcome expectation is the expected result of a behaviour 31 . The more positive the result is perceived to be the more likely it is that the person will engage in the behaviour. Self-efficacy is how confident a person feels about performing a specific behaviour in a particular circumstance 31 . Those with greater degrees of self-efficacy are more likely to engage in the behaviour and persist in the face of obstacles. Selfmonitoring provides feedback regarding the effectiveness of the behaviour. According to SCT, people must be exposed to the behavioural goal. Then, outcome expectations provide the motivation for changing behaviour, knowledge ensures the person knows what behaviour to perform, selfefficacy provides the confidence for overcoming obstacles and self-monitoring provides relevant feedback.
Instruments to assess an individual's outcome expectations and self-efficacy regarding carbohydrate intake, self-monitoring blood glucose and diabetes management have not been reported in the literature. As more emphasis is placed on the quantity and quality of carbohydrate consumed (i.e. GL) by people with diabetes to achieve and maintain optimal glycaemic control, valid and reliable instruments are needed to evaluate educational efforts adequately. Therefore, the purpose of this research was to evaluate the psychometric qualities of two instruments designed to assess outcome expectations and self-efficacy regarding carbohydrate intake and self-monitoring for diabetes management.
Methods

Instruments
Two instruments were developed to address self-efficacy and outcome expectations regarding the quantity and quality of carbohydrate intake (i.e. GL) and self-monitoring blood glucose. Items were selected for each instrument that represented the range of beliefs and skills needed to adopt a lower GL diet identified from clinical practice and previous research 29, 32, 33 . For example, the self-efficacy instrument included 20 questions, with 10 of the questions designed to measure confidence in using the GI to make healthy food choices. The remaining questions assessed confidence to control portion sizes of food, carbohydrate intake and self-monitoring for optimal glycaemic control.
Confidence to control both the quantity of food consumed through controlled portion sizes plus confidence to select lower GI foods is one method for achieving a lower GL diet. Response options ranged from 0 ¼ strongly disagree to 10 ¼ strongly agree. Instruments with fewer response options (e.g. 5-or 7-point scales) are less desirable because they are less sensitive 34, 35 . Thus, response options ranged from 0 to 10 for both instruments in this study. Both positively and negatively stated behaviours were included on the instrument. The negatively stated items were reverse scored so that 'strongly disagree' received a score of 10.
The outcome expectations instrument included 18 questions designed to measure participants' strength of belief in the relationship among dietary intake, selfmonitoring blood glucose, glycaemic control and health. The response options ranged from 0 ¼ strongly disagree to 10 ¼ strongly agree. Once again, both positively and negatively stated expectations were included on the instrument. The negative expectations (i.e. barrier statements) were reverse scored so that 'strongly disagree' received a score of 10. For both instruments, the mean score for each construct was obtained by totalling the points and dividing by the number of items comprising each construct to indicate the strength of beliefs or perceived efficacy for each latent construct 34 .
Assessment of content validity
Content validity exists when an instrument provides systematic coverage of the domain of tasks the instrument is designed to measure 36 . An objective evaluation by content specialists of the depth, breadth and relevance of the items to the content domain is conducted to measure content validity 37 . Four dietitians and one nurse with multiple years of experience in diabetes education reviewed both instruments for content validity. Reviewers received a brief description of the purpose of the intervention and target audience for whom the instruments were developed, the objectives of each instrument, the items on each instrument and the objective each item was designed to measure. Each reviewer rated the degree to which each item measured its intended objective using a 4-point scale (1 ¼ not relevant to 4 ¼ very relevant) and the degree to which the instrument as a whole measured the content domain using the same 4-point scale. Reviewers were also asked to list areas in the nutritional management of diabetes that were omitted and should be included on the instrument and suggestions for improving each instrument. Reviewers completed their review independently and did not have access to each others' comments or ratings.
Pilot testing of the instruments Adults 21-75 years of age diagnosed with type 2 diabetes mellitus for $1 year were recruited over a 6-month period to pilot test the instruments. Subjects were recruited through newspaper advertisements, flyers, diabetes support group meetings, physicians' offices and referral from other participants. All interested subjects were screened for study eligibility through a telephone screening interview. All interested and eligible subjects were mailed the instruments to complete at home with a self-addressed, stamped envelope for return to the investigators upon completion. Individuals reported completing both instruments in , 15 min. Participants provided written informed consent and received a small monetary honorarium upon study completion. All methods were approved by the institutional review board at the sponsoring institution.
Data analyses
Principal components analysis with promax rotation was conducted on data obtained from the administration of the self-efficacy and outcome expectations questionnaires to study participants with diabetes. The number of factors retained was determined based on examination of the scree plot and interpretability of resulting factors 38, 39 . Factors with eigenvalues .1.6 and items with loadings .0.45 were retained. Coefficient a was calculated for each construct to assess internal consistency. Coefficient H was calculated to assess the reliability for each construct based on the factor loadings obtained 40 . The degree of association among constructs from the outcome expectations questionnaire with constructs from the self-efficacy questionnaire was determined using Pearson correlations. Analysis was conducted using SAS (version 9.1, 2003; SAS Institute).
Results
Results of content validity
The index of content validity is determined by calculating the proportion of items given a rating of 3 or 4 by all reviewers 36 . Scores can range from 0.0 to 1.0. The index of content validity for the self-efficacy instrument and outcome expectations instrument was 0.70 and 0.50, respectively. The index of content validity for the outcome expectations instrument was below the recommended index of 0.70 41 . Based on reviewer comments on the items with low relevance ratings on the outcome expectations instrument, three items were modified to be more specific in the outcome described. Two items were deleted since the reviewers believed the questions were ambiguous. Three new items about the degree to which family members would support participants' efforts to eat a healthier diet and monitor their blood glucose were added based on reviewers' recommendations. The final outcome expectations instrument included 19 items. No changes were made to the selfefficacy instrument. The revised version of the instruments was not reviewed again for content validity since minimal changes were made to the items. The revised instruments were mailed to study participants as described above.
Results of pilot testing
One hundred and thirty-seven people with type 2 diabetes responded to recruitment notices and received the instruments for completion. One hundred and eight (79%) returned completed questionnaires. Over half of the sample (57.4%) was male, 92.3% were white and 64.5% were married. The mean (^standard deviation, SD) age of the sample was 55.8 (^9.2) years and they had been diagnosed with diabetes for a mean (^SD) of 6.3 (^6.3) years ( Table 1 ). The majority (95.4%) of participants reported monitoring their blood glucose at home, and 73.3% reported receiving instruction to follow a meal plan or diet for diabetes management.
The outcome expectations questionnaire yielded three factors: barriers to dietary change, glycaemic control expectations and family support expectations ( Table 2 ). These three constructs accounted for 48% of the variance in these items. Four items did not load on any of the factor scales. All of the coefficient a values for internal consistency were $ 0.78. Reliabilities based on coefficient H were $ 0.85 for each of the constructs.
The self-efficacy instrument yielded three factors: GI efficacy, negative food selection efficacy and selfregulation efficacy (Table 3 ). These three constructs accounted for 62% of the variance in these items. Three items did not load on a single factor scale. All of the coefficient a values for internal consistence were $0.77. Reliabilities were acceptable ($ 0.80) for each of the constructs based on coefficient H. The strength of the relationship among constructs from the outcome expectations questionnaire and constructs from the self-efficacy questionnaire are shown in Table 4 . Self-regulation efficacy was significantly related to each of the constructs comprising the outcome expectations questionnaire. The bivariate correlation between food selection efficacy and barriers to dietary change was 0.44 (P , 0.001). The correlation between GI efficacy and glycaemic control expectations was 0.29 (P , 0.01).
Discussion
This study is one of the first reported in the literature concerned with the identification of distinct constructs regarding carbohydrate intake and self-monitoring for diabetes management. Both the quantity and quality of carbohydrate consumed affect glycaemic control, and monitoring the postprandial response can assist individuals in adjusting food intake, energy expenditure and/or pharmacological therapy. Both the positive aspects of controlling food intake and self-monitoring and the barriers to performing these behaviours are captured in the instruments. The review of the items on each instrument by health care professionals with expertise in diabetes care and education enabled us to address the appropriate content domain. Furthermore, the internal consistencies of the constructs were high. This provides some support that each construct is homogeneous and can be used to assess individuals' beliefs and skills.
Coefficient H is a measure of the relationship between a construct and its indicators 40 . It represents the proportion of variance shared by the latent construct and the observed variables and represents a measure of construct reliability. Coefficient H is never less than its best indicator's reliability 42 . As the number of indicators increases, so does coefficient H, and the value of the coefficient ranges from 0 to 1.0. All of the values for coefficient H for both the outcome expectations and self-efficacy constructs were $ 0.8, indicating a relatively high degree of construct reliability 42 . A greater degree of construct reliability infers greater certainty in the magnitude of relationships observed among constructs in a given sample.
The constructs identified from the outcome expectations instrument are consistent with domains of diabetes selfcare and reflect conceptually coherent clusters of beliefs. Outcomes arise from an action. How a person behaves determines the outcomes one experiences. Positive expectations serve as incentives while negative expectations serve as deterrents. Bandura describes three types of expectations: physical, social and self-evaluative effects 34 . In this study, the physical effects are captured in the outcome expectations instrument in the glycaemic control expectations (e.g. If I follow my meal plan, I will have better control of my blood glucose). The social effects are represented in the family support expectations (e.g. My family will support my efforts to eat a healthier diet). The self-evaluative effects are represented by some of the barriers to dietary change (e.g. It is too difficult to count the grams of carbohydrate of the foods I eat). Thus, the outcome expectations instrument captures both potentially positive and negative effects of making dietary changes and monitoring the results obtained. Whether the anticipated outcomes are motivating depends on the value a person places on the outcomes. A highly valued outcome (e.g. optimal glycaemic control) can be highly motivating.
Four items from the outcome expectations questionnaire regarding self-monitoring blood glucose did not load on any factor. Three of the items represented barriers to ranged from 0 ¼ strongly disagree to 10 ¼ strongly agree. ‡ Items comprising these constructs were reversed scored so that 0 ¼ strongly agree and 10 ¼ strongly disagree. *P ,0.05; **P , 0.01; ***P , 0.001. self-monitoring (i.e. the time, expense and pain associated with monitoring). Over 95% of the sample reported monitoring at home and reported monitoring blood glucose values a mean of 1.9 times day 21 (data not shown). Thus, most participants performed the behaviour but did not monitor frequently enough throughout the day to capture postprandial glucose excursions. Participants may need more education regarding the relationship between monitoring blood glucose, especially postprandially, and carbohydrate intake to see patterns in dietary intake and the postprandial glucose response. More research is needed to determine the relationships perceived by adults with diabetes between blood glucose self-monitoring and dietary intake to better refine the instrument used in this study. Individuals who perceive themselves to be highly efficacious expect favourable outcomes. Many of the outcome expectations are related to the same behaviour on the self-efficacy instrument. For example, the efficacy belief 'I can control the amount of food I eat by measuring my portions of food' is related to the expectation 'The serving size of the foods I eat affects my blood glucose after a meal'. People decide on which course of action to pursue and how long to pursue it based on the adequacy of their performance 34 . Individuals avoid behaviours that they believe they cannot perform successfully and that they expect will lead to negative outcomes, but they actively pursue behaviours that they believe they can perform successfully and hold promise of valued rewards 34 . The self-efficacy instrument includes efficacy beliefs for the behaviours needed to adopt a lower GL diet (i.e. control the quantity of carbohydrate consumed and choose lower GI foods in various settings) and monitor the glycaemic response obtained. The items comprising self-regulation efficacy were significantly related to each of the constructs on the outcome expectations instrument. The items comprising GI efficacy were significantly correlated to glycaemic control expectations. These relationships suggest that individuals who feel more confident in their ability to regulate their dietary intake expect to overcome barriers to dietary change and impact glycaemic control. Further research is needed, however, to determine if education about how to adjust carbohydrate intake based on pre-and postprandial glucose excursions improves participants' efficacy for achieving glycaemic control.
A few limitations of this research should be noted. First, the instruments were administered among a primarily white, well-educated sample. The psychometric properties of the instruments among a culturally diverse sample or a sample of people with type 2 diabetes with limited literacy skills are not known. Secondly, the degree to which education improves participants' outcome expectations and self-efficacy for adopting a lower GL diet requires further research. Thirdly, the relationship between participants' expectations and self-efficacy for adopting a lower GL diet and dietary intake is not known. Whether improvements in these theoretical constructs results in a lower GL diet among people with diabetes requires further evaluation. Finally, controlled feeding studies in which participants have most of their meals provided to them demonstrate that a lower GI diet improves glycaemic control 24 . Whether the adoption of a lower GL diet improves glycaemic control among a freeliving sample of people with diabetes has not been adequately determined and requires further investigation.
Conclusions
The two instruments developed for this study adequately assess outcome expectations and self-efficacy for adopting a lower GL diet and monitoring the glycaemic response obtained. The outcome expectations instrument includes three homogeneous constructs regarding barrier, glycaemic control and family support expectations. The self-efficacy instrument includes three homogeneous constructs regarding GI, negative food selection and self-regulation efficacy. Each instrument can be used independently or in combination to assess areas requiring further education and training to adopt a lower GL diet. The instruments can be self-administered inexpensively in a relatively brief period of time. The instruments can be used to identify behaviours that may be perceived as difficult to change, situations in which there is an increased risk for relapse, or for programme evaluation. The effectiveness of a lower GL diet to improve glycaemic control among people with type 2 diabetes and the role of outcome expectations and/or self-efficacy to mediate this improvement require further research. However, based upon the results of this study, the instruments show promise as tools for increasing our understanding of the relationship between these theoretical constructs and health behaviours.
